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Abstract. Using magnetic field, plasuadersiyand
flow observations from spacecraft fiy | we oof tweonnets,
Elsasser variables are determinedinor icr, , stury wave
propagation directions. Weinvestigated thanhwoini path
of the Glotto spacecraft flyby of comierp/iailey o tside
the bow shock (between10:38ancli@:11[ I ondarch
13,1986, corresponding to distancesfrom 3. ix108 ki
to 1.2 x 10 km from the nucleus) andtheintour 1 and
outbound path of theICE spaceaaft flyby of «omet
p/Giacobini-Zinner outside of the bow w v (b rween
00:00 and 9:24 UT and between 17 70 & d 23 0 UL
on September 11, 1985, corresponding to distance  {rom
8.5 x 1 0°= 1.2 x 10°krn from the nuclomand from
1.0 x 10°-9.3 x 105km from the nuleus, iespeigvely).
The interaction of cometary pick upicnsind thesolas
wind 18 expected to generate waves propag. Unhepostly
antiparallel to the background magnecticficld Th  pre-
dicted wave propagation combineil wit biolieiyedwave

modes generated by the on cyclotronre.onene, 1o :ihil-
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ity are comuparcdwith observed wave properties. Three
modes are possible righit-hand polarized waves propa-
gatingtowsrdthe Sun(R4#) and left-hand polarized
waves prapagat ng toward (1417 ) and away from the
Sun (L.H1). Plasii @ cond itions dictate that the RH-
modeisthenos unstable mode and we find satisfac-
tory, aprectucntbevween observed and predicted energy
flow divectionsinregions outside ¥e bow shock at Hal-

ley and the bow wave a Giacobini-Zinner, where local

cometaryionpickup conditions dominate.

1 Introduction

In1985and1986, 1( B arid Giotte had their rendezvous
with the coructs Giasobini-Zinner (G-Z) and Halley, re-
spectively. Analysis of the data from these encounters
has resulted insignificant advances in the understanding
of plasma processesy ear active comets (see for example
thereviewsof Neugebaver (1990) and Tsurutani (1991)).

Massloading of the solar wine{ by cometary ions is

the maininteraction process in the outer cometary at-




mosphere and the solar wind. Neutrals o, muzt- o from
the comet surfacekdrif‘ts)away from the conerwil a ve
locity of about 1 km/s (Keller, 1¢76). T'heniut s are
ionized by photoioniz ation or by clarpe exchan, with
solar wind ions. The typical timescale f, sromiratinat
AU is of theorder of 106s. Thus,anextend-dintenction
region is produced. In the solar wind {ranet} - new
born ions stream toward the Sun with thevorar v nd ve
locity | v |. Due to the Lorentz force, the <oty ions
are accelerated perpendicular to B3 and pyvrate wmound
B. In the solar wind frame they forn a g be codis
tributioﬁ traveling upstream at aninitishinele given
by
v B

cosa = ]V||B| @)
where a is the angle between the intecplanea v netic
field B and v with 0° <o <90° This by yisnistable
and leads to the generation of plasmawuve  Jhes waves
propagate parallel and antiparalle]to 1:

The waves interact resonantly withtti pick 1 ions
via the Doppler-shifted ion cydlotronicwnaresury-
tani and Sinith, 1986). The initial ringtamdi-iribu-
tion of the pick-up ions will bescatteredtoathispnerical
distribution in velocity space bythiswar:part:lein-
tetaction. During this process th cionsw, n, we cnergy
which becomes available for wavegrowtl ‘[ hesnergy
difference between the ring beanariv etiisyierical
distribution is called free energy andisnotiiin, iiately
released as wave energy as shownhy) hiidlestyiand

Johnstone (1992) for the cometlalley
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Ircthe present paper we use Elsasser variables to
calculate thespecific energy densities of waves propa-
gating ir, opposite directions. This study is based on
the assminption thst the waves are Alfvénic (non com-
pressive). Using a description of the wave generation
under local plasim = conditions and based on the ion
cyclotronresonance (Thorne and Tsurutani, 1987), pre-
dictedand observe | energy transport are compared. A
case study of thishad been already done for Halley
(Soding et &l., 1 995). Here, wc compare the results from

the Balley encounter with new results from the G-Z en-

counter.

2 Wave e ney gy transport

Lilsasser (i 950} intnduces variables to smplify the mag-
neto hydrody nanicequations. These Elsasser variables

aredefinedby (1 wetal., 1989)
73 v 4 VA 2

whert VA deanotes the vector Alfvén velocity. For a ho-
mogeneous andincompressible plasma, 7% describe the
two possible Alfvénic wave modes propagating in oppo-
site directions whic hmay possible interact non-linearly
with eac hotherlach wave mode could have a different
origin, S0 it is possible tc, investigate the evolution of two
difte rent physical processes.

Shear A | fvénwaves propagate parallel and antipar-
allelto the maguetic field B at the Alfvén speed. There-
fore the AlfvénielationZ*=:const. characterizes waves
propagating paralle] to the background magnetic field

Bo and 7 : cons. for antiparallel propagating waves.
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Wave Encigy Transport at Halley and GV

In the undisturbed solar wind at 1 AU waoves are most
often observed to propagate away from the Sun (Belches
and Davis, 1979) .

Here we used only the fluctuating pari of the 1lsésser
variables 87% = §v = dv 4. The spevific cnergy Jensities
of the wave modes, the total encrgy drusity and the nor-
malized cross helicity are defined by (Ml a0 d Man-

geney, 1987)

1
B = o674 627 (3)
, Voo
Eyoe == 3 (IOF 4k ) (4)
AR s 5
TRt 4 B ©)

Thus Et describes the energy density « f wove pr pagat
ing antiparallel to 1],and FE-vireversar } ot i of the
ambient maguetic field s directe & avway i-om th Sun.
E* describes the energy density of wave propoating
towards the Sun and £- away frointhes u

The Elsisser ratio Rg = F° /F1 jnihiestc the uean
direction of the Alfvén waves. Yor Ky » 1 waves juopa
gating parallel to B dominate an d for K .0 1iti- the
opposite case. For |o| > 0.7 theteis oncics crong % fvén
wave and for |g.| < ().7 there aretwoAlfvér V, v . prop
agating in opposite directions.

In our analysis we used data fron 1 the Gisttin i the
| CE spacecraft., For Halley data from the meyncome-
ter (MAG) and the Johnstone pi;+.~I~la an:ly.c1.1PA)
are used (Neubauer et al., 1986, Johnstoneeinl, 386).
The magnetic field and the plasma data as w3l ard jven
as a 3 component vector, the temporalic-ciution;s 8s

and they are given in a Halley solar e<)ipti (1181 co-

ordinate system.In this coordinate systern, the X axis
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points towards the Sun along the Sun-comet line, the Y
axisis antiparsilel to the direction of planetary orbital
motion and the Z axis completes a right handed coordi-
nale system.,

For G- 7, data from the magnetometer and the solar
winad eJectro ninstrument are used (Bame et al., 1986,
Frandsen et al,, 1478). The plasma parameter ‘ér‘(‘: based
ou 2-Nelectronmrasurements in the spin plane of ICE
withii ternpora! resolution of 24s. The magnetic field
dataareaveraged over the samne interval, but they are
givenasa3coupnent vector in a spacecraft centered
solar ecliptic system FThe X axis points toward the Sun
and the Y axis toward dusk. The spin axis was perpen-
dicular to the ecliptic within au accuracy of 0.5degrees,
thus defining the 7 axis. Since two component plasma
measurementsontyare available, all derived quantities
for G-7 are deterinined inthe spin plane XY only.

We havevsed ouly data upstream from the bow
shocks. For Hallev we investigate only the inbound leg.
The bow shock 1s ohserved on March 13, 1986 at 19:23
UT corresponding to a distance of 1.15x 10® km from the
nucle us (Neubaue r v 1k, 1986). We have investigated
thercgion from 4% x 10% Jorn to 1.2 x 105 km to the cornet
{from 10:36 U110 2 9:08 UT). For G-z the bow waves
inbound arid outhouud arc observed on September 11,
1 085at9: 300 T and 12:20 UT, respectively correspond-
ing to distances of 1.16x 10°km and 0.96 x 10°krn from
thenucleus. Inbound we investigate the time interval be-
tween 00:00 UL and 4:24 UT (8.2 x 10°--1,2 x 10%km)
audoutbound betv e 12:25 UT and 23:30 UT (1.1 x

105- ¢.3 X 10" kra). T'hespatial scae for Haley is one or-
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Table 1. Halley inbound path, sign(¥.v):{]

Tine Distance in10%[kin}

10:57:22-11:00:42 3.21 - 3.20
11:34:10-11:59:46 3.06- 2.9
12:03:54- 12:05:30 2.94- 2.9%
14:40:34- 14:49:54 2.30- 2.26
14:53:38-15:24:26 2.24- 2%
15:31:22- 15:38:50 2.09- 2.0
15:40:02-15:42:34 2.05- 2.04
16:11:14- 19:08:02 1.92- 1.20

Table 2. G-Z inbound path, sign(Iy) . 41

Time Distance it 10% {ku]

00:00:49- 00:02:01 824-822
00:10:25-00:58:25 812 --75:<
01:17:37-09:22:01 729-. 126

der of magnitude greater than thaifar (, 2% he:cson
for this scale difference is the differentgayroos tier,
rates at the two comets, Q = 210", ulcul. /s at
1.03AU for G-Z (von Rosenvinge etal . 19567 an Q=
7 X 10*molecules/s at, 0.89 AU for Halle v i Kb wwesky

et d., 1986).

Table 3. G-Z outbound path,sign (B V) : -4

Time Distance in10%[kn|

12:28:36- 12:57:00 107- 142
13:01:48-15:15:24 148-314
15:17:48 - 16:36:36 317- 415
16:51:00 - 17:01:24 433-446
17:56:12-18:18:12 514-547
19:37:00-19:43:24 640- 648
19:47:48-19:51:24 652-658
20:37:48-23:3012 716 - 930
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At al threcinvestigated passages the magnetic field
primarily poiuts away from the Sun. This is shown later
by thesign of 11v.Theintervals and distances where
Bis directed awayfroni the Sun are given in the Tables
1, 2and 3 for&sand 24s averages, respectively. In the
calculated spectiaforHalley, By is directed towards the
Sun enly betwern12:36 UT and 11:10 UT (3.3 X 10® —
3.2510° ki) aud around 15:09 UT' (2.2 105km) and for
the inbouudleg ol G-ZBo is always directed away from
the Sun Onthe out bound path of G-Z except for 16:41
UL Lo 20:31U°1(4 2 x 10°— 7.1 x 105km) Bo points
away fromithe Suy,

Jocomputetheenergy density spectra we used 512
data pointsforthea ourier transform in the case of Hal-
ley andincase of G7128 successive points with a run-
ning average ova b and 3 estimates, respectively.

In Fig.land ¥1g. 2 the specific and total energy
densi ties, the Elsiscer ratio and the normalized cross
helicity integrated over the frequency rangea 1-3mHz
and 3- 60 mbBzas afunction of the distance to the nu-
cleus are shewnInthe frequency range 1-3misz (Fig.
Vynoinfluen:ede pending on the distance to the comet
is observed. J- > 1Y indicates that waves propagat-
ing parallelto By d sminate. ‘The total energy density
isroughly constant. Inthe frequency range 3-60 mHz
(Fig.2)theinfivenceof the comet is clearly visible. This
isthe frequencyrange at and above the gyro frequency
of the water group ions (2-5mHtz during this interval).
‘T'he energy density of waves propagating pardlel to Bo is
constant inthis frequency range, but the energy density

of the antiparallclwaves increases during the approach.
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Wave Energy Transpori at Halleyawd (. 7
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the gyro frequency of water group ions.A depene e of th o dis.

tanceis observable for Et, but not for J ™
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Outside of 2.3). 1 0"} inwaves propagating away from the
Sun(parallelto B, dominate and closer to the comet
waves propagat g, toward the Suu (antiparallel to By)
dominate. This dependence of the distance to the comet
is also showninthe ) I sasserratio and inthe normalized
cross hebicity. Closcto the cornet the cross helicity is rel-
atively high (-~ 0.6), but there are dill two wave modes

propagating inopposite directions. The increase of Ei,:

during the approach is due to the increase of B+,
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YFor G-7 the results are not as closyas for i alley,
but a similar dependence of the distanei sn:tbhoth
comets. The gyro frequency of the walsroroup ions s
about 7Tmlz on the inboundandaboutntiz nthe
outbound leg. In Fig. 3 the sp ccificand tatal , ergy
densities, the Elsdsser ratio and the ciorheliony for
the range 6 -? Omllz for both inbound andatbwou-dare
shown. Note that all the variable- aveculenlatdnly in
the spin plan and the part of thefluciuzonsonside
the ecliptic plan are not takenintoa . ou t'l'h:ane
evolution is clearly visible for theinboondanitlout-
bound path. Up to 450,000k tc, the conn t it el vwing
relations hold: Kt~ E~, Rpa 1 andlo |=0. 4 wun
ing no ncompressive waves, this resultys cxpianecy the
presence Of two oppositely propagitivg vl wrsyliude
waves. Onthe other hand nonlinearcorng, svvon aves
may perhaps give the same result<. Howive s, £ tends
to be a little bit higher than E* throughou: thispoiiod.
Closer to the comet the relations changetos: )
Rg <1 and |o.] > 0. In this case the e sane ' By
is carried by it and ¥~ . Therefore ¢)oetr, the  cmet
waves propagating towards the Sunduniateal far
away from the comnet waves propaguting avayfrovi, the
Sun tend to be dlightly more impaortant

The peak outbound around 550,000kt susd by
a decrease of #to2.5n1 in this region

wsummary wc observed the sunilarphe onen for
Halley and G-7 for fluctuations withfrcquencie. beher
than the water group iongyro frequency Aty . ~ler

distances from the comets the dorinaniw.ve-yopa-

gate paralel to the background magneticficliliy(which
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pointsimostly outwurd from the Sun). In case of G-Z the
specific energy dentity of these waves is only .slightly
larger thanthat for the antiparallel waves. But closer to
the comets the Flsisser ratio reverses. Up to distances of
2.3 10%kwfor Hal ey,4.4x 10°km inbound of G-Z and
4.9>30% kimouttoupdof G-7, waves propagating antipar-
alle] 10 Bo doriinats Close to the cornets 130 is directed
away from the Sunin al three cases in Fig. 2 and 3,
sothanostunstabl- waves are propagating towards the
Sun. The crosshelicity of G-% is clearly smaller than for
Halley clogse toth, comet. The reduced cross helicity im-
pliesthat waves propagating in opposite directions are
genet ated at (- 7 w hereas antiparallel waves are more
dominant at Halliv ‘1 ‘h is effect is aso seen in the in-
crease of F dur iy the approach at G-Z. Although the
energy densities arc compared a G-Z, in two dimensions
only,t hey arc b titne . bigger than at Halley, indicating
that stronger waves were generated at G-Z compared to

lalley (Tsuratani, 1991).

3 Observed andpredicted wave properties

Due to theon eyclotroniustability the cometary ions in-
teractreson antly withthe plasma waves and will be scat-
tered in pitch auglcs. Thorne and Tsurutani (1987 ) have
provided a description for the conditions under which
this occurs (sec also Neubauer et al. (1993), Soding et
al., 1995). Ttrecwave modes are possible. In the solar
wind fraine, these are right-hand polarized waves trav-

elling towards the Sun (RH ™) and left-hand polarized

date/time: 18-0ct~1995/12:48




Wave Energy Transport at Halley and G 7
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waves propagating towards (1;]]')zm(i;vi\ux_‘.’f[(rn the

Sun (LI1{).

From the ion cyclotron resonsnce coniiionto, ther
with a two component cold plasipa moddlw it h solar
wind protons and heavy water group<omedat: ons
Thorne and Tsurutani (1987) obtain a recnane ,: ndi-
tion depending on thdimension-less fic)daliiae .1 4, fvén-
Mach number MA, = v,y . co8 a/va. "I'his ¢ 21litic: de-
pends also on the heavy ion massiu, andihire'st ive
number density of heavy ions gy Nearthebawehock
of Halley m, =18 (H,0 ions) and 151 () “werob-

i

served whereas of cornet G-Z m, =18 andyy- 10 *. I
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Fig. 4. Themagnetu field magnitude B, the solar wind velocity
v, t},. sngleo,theAlfvén-Mach number M4, the sign of B v
and th erelative mnnt.erdensity of heavy water group ions nx,0
asa functiouofltingceare displayed for the inbound path of Halley
upstreara of thebowsi ock. One panel shows the presence of theo-

retiellly predittedt}B | LH* and 1. H~ wave modes by presence

of arsows. Inthesever:hand eighth panel are the specific energy
densities F'of wave. propagating towards and away from the Sun
and the Flsisuerra tio [ “/F* shown. IN fact of the observations

. )
expeited wave modes are signed by "4" mode and - mode. See

also text.

the interactionregicuof the cornet with the solar wind
174 decreaces exponentially with increasing distance to
the comet. Jhisleards to constraints for the excitation
of various waverioces. Resonant RH ~ mode waves be-
low a minimuinyylye Of Ma, (which depends on n4)
areno longer excitrd While for the LH mode no limita-
tiononthe excitation with respect to Mar exists. At the
same tim e difletent waves modes can be generated. As
these waves grow to large amnplitudes and compete for
the available free enci 8Y:the instability with the largest

er owth rate will survive.
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Fig.5 AS Fig. 4, but for the inbovndpathof (1arolinidinner.

All variables are only calculated fromtwodinensor.

From Fig. 4 and 5 of Thorne and Ts ru:ani { 087)
(see dso Neubauer et, a. (1993), Soding <t al ( 3¢ )) the
conditions of theoretically predicted wave o les are
follows: for Halley for Mg, > 1.95 and for G 7 for
My, > 1.25 RH~ mode exists and is alway: d:

ninant

for 30° < a < 75°% for My, < 0.6 the ) #" mode

will be excited; the LHY mode existe for ary A
cept for @ = 90°. Its wave growthral« . Jurg-
that of the LA~ mode, if both ate excite d, and

than that of the RH~ mode, if o > 74°
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Fig. G. As¥ig & butfor the outbound path of Giacobini-Zinner.

Hand 6 show themagnitude of the magnetic field B,
the solar windvelosity v, the angle o, the field aligned
Alfvén-Mach number Mar, the sign of B -v. In case of
sign (B V) @ -t1themnagnetic field is directed away
from theSvuandvice versa for sign(B-v)= -1. In the
lower panelthe relative number density of heavy water
groupions iy, o is shown. For the calculations we used
the model of Huddleston et al. (1990). The sixth panel
indicatest he presence of the theoreticaly predicted wave
modes RH, LK and LH by the arrows. LH* de

scribes awave nnode propagating away from the Sun and
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Wave Energy Transport at Halleyand C,.;’

R and 1.H™ towards the Sun.Thebold: rattows have
the largest wave growth rate andarctheafo o, wave
mode expected to dominate. Arrowspointogfion right
to left arc antiparallel t0 By and ariowifioanlaft to
right parallel. Two other panels display tlespudticen
ergy densities B+ and the Elsassa mllw'w-j Jorthie fre -
quency range 3-60111112 in case of Halleynd 6 0inlz
in case of G-Z.7To compare thopreditdd wav  mode
with F# with respect to the Sur,iti. necs.arytouse
—B instead of B, if the radial componinid Bisdi
rected towards the Sun. ‘I'he timeswherethichippens
are indicated in the sign panel and hay ebon e tioned
above. The expected wave modarc tnareanh
mode” if X~ > EY and with “- modei5p > 8 dn
these panels.

The results of Fig. 4 at Halley arebi iy s mma
rized here, since they have becndescribiel 1, arsilin
Soding et al. (1995). In general obscrvedandpr hieted
energy flow directions agree, exceptbtwesnls | and
13:44UT where there is a clear disagrecineatar this

interval, the observed is a ”-4"modcan pred ed a
)]

” 7 mode. During this time in thewatergrong:a dis
tribution the ions are not observedatil. [l point
of pick up, Soding et al. (1995) comcludetarthic Naves
have been generated under pick-up connitime t b twere
different from the local observed condition-

During the inbound trajectory at G7 (115 5] the
RH-mode is expected to beexcited during theinter-
vals 00:10-1:59 and 2:03-9:24 U) and it @ wavs s the
largest wave growth rate except hetwecyl:(ian 1:17

UT. Only between 00:00 and O(J 1011'1’, ::0\ard1:17

Pago : 9 job: vo5
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UT and 1:59 aud?:03UT the LH* mode is expected
to be the dominant one. The LA~ mode should never
be excited. Theobuervations show a “ - mode between
5:10 and 8:58 Ul and a “-+” mode during times before.
Indced incase of noncompressive waves the Elsasser ra-
tio indicatesintheearlier region the existence of two
wave modes with (pposite propagation directions, but
with nearly the s e energy densities. The theoretically
predictionandtheobservations agree only in the region

close to thecoruet where the mode is observed.
Farther away when Bt~ E™ no agreement is found.

Onthe outbowrd path of G-Z (Fig. 6) the situation
ismore complicate 1. 'The RIis expected during the
titne in tervals 12 96 15:07,15:19-15:56, 16:31-20:44 and
70:5323:17" UI'Ounly during 16:31-16:37,18:19-18:28
ancl 21:0921:28Uthe KH~ mode does not have the
largesterowthwave rate and is not expected to be dom-
inant at these time- The LH* mode is expected to be
excited andtot.cdominating between 15:07 and 15:19,
15:568nd16:37,16:19 and 18:28, 20:44 and 20:50 and
21:09a0d 21:28 U1 . The LH~ mode is only expected
for g short t itncintervals. The observations shows the
7= mode between12:51 and 16:00 and 16:24 and 20:42
U7 andi the * -1“ suode during the interval 16:00-16:24
and?20:49-23:05U1For the observed “--" mode a clear
agrecinent with t hetheory is found, also for the ”-”
modebetwern 16 O(l and16:24 UL, A discrepancy is ob-
served during 20:42and23:05 UT.

Thus at G-7)ikeat Halley, there is agreement be-

t ween obsorvations and predictions in the regions close

tothe comet.Butthe question arises, why at G-Z only

clje w2 date/time : 18-0ct~1995/12:48
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inside of 433,000km (5:15 U inbound 30, 13 ~ide Of
720,000 km (20:42 UT)outboundd?

The relative number of the heavywatergrap ions
NH,0 shows a dependence of thedistar, tath  [omet
which can answer these question:Betweoni)0Gd 5:00
Ul inbound and 20:30 and 23:30 U onthoimd e, gis
nearly constant, During further approashing, it reascs
exponential. For this time intery a weforndt e orre
spondence of the predicted and obise vy, 1w |y modes
This implies that the region of theinfiucne ol thcamet
to the generation of waves is limited throu.hthenntice-
able increase of MH,0. outside ¢f thix 1 ho 1 i wieef
the pick-up i1ons could be neglectsd andthfiuctiions
may be intrinsic to the undisturtic d solarwind, iheses
Fluctuations are most often propagatingawarfiin the
Sun (Belcher and Davis, J. , 1¢71).

Similar studies have been donecaty/Gripe Skjelirup,
were the plasma conditions arc quitediffe:critar at
Halley and G-z. Neubauer et al.{1903) prelites i H
and L H* modes upstream 0f thebowchochandlass
meier and Neubauer (1993) observe,.i lefthincpantized
waves Inthese regions in the peakspeciralposer o the

magnetic field.

4 D iscussion and Summary

The regions upstream of the bow shocksinnboiinleg
of Giotto to cornet p/Halley and theinbiowudandout-
bound legs of ICE to comet p/G-7 areconiparedw ith
respect. to wave energy transport. | Jurtngally recioter-

vals similar plasma condition are obseryedliwet , th

e
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bow shocksthemarnctic field is quasi-parale (o < 45°)
anditis furtherotside qua.si-perpendicular (a > 450).
Thisindicates that one expects similar waves and similar

waves are¢ observed

The spe cific enrrgy densities E¥, the total energy
density Fyo: a5 wellas the Elsasser ratio and the cross
helicity for freque - jes higher than the gyro frequency
have th e satne dependence on the distance to the nucleus
at thetwo comctsnut on different scales. The factor of
35 greatergasproduction rate at Halley compared to
G-7 produces aninteraction region that is a factor 10
large tln theinteraction regions, mostly waves propa-
gating antiparallelto 1o are generated with Bo pointing
away fromthe Sun'T'his is clearly seen during the whole
regioninvestigate 1, but also at G-Z for distances closer
thand.4x 12 kmirbound and 3.9 x 10*km outbound.
bFurther outside of GZ the energy density of the fluctu-
ations proparasting in opposite directions are nearly the

sam candtheinfluence of the cornet could be neglected.

Thecomparisonof the observed wave energy trans-
port directions with the predicted RE~ , and LH* and
J.H” modes owing t;, the ion cyclotron resonance indi-
cates in generalagood agreement inside of the influ-
enceregionof thecomet. In all three passages the RH-
mode have been driven unstable by the pick-up ion in-
stability. The analysis Of the Elsasser variables leads to
regions of influcnce a G-7 up to 4.3 x 10°km inbound
and72x10% ki out bound and at the inbound path of
Halley up to 4.4x1¢° km which was previously investi-

gated
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